[P la te 7]
T he m agnetic an iso tro p y of u re a has b een m e asu red a n d co m p ared w ith th a t of th e ca rb o n ate a n d n itr a te groups. I t does n o t a p p e a r th a t th e hydrogen bonds co n trib u te ap p re cia b ly to th e a n is o tro p y ; th e la tte r indicates a b o u t th e sam e degree of reso n an ce in all th re e groups. T h e an iso tro p y of th e refractiv ities is g re a te r in u re a th a n in th e c a rb o n a te group, show ing th a t th e (N H 2)_ rad ical m u st be m u ch m ore p o larizab le th a n th e 0 = ion, allow ance being m ade for th e in terio n ic d istan ces. U re a n itra te , u re a o x alate, cyanuric acid d ih y d ra te a n d an h y d ro u s cy a n u ric acid all crystallize in layer stru c tu re s, as show n b y cleavage, X -ra y d a ta , m a g n etic a n d o p tical observations. T he m a g n etic a n iso tro p y o f u re a n itr a te a n d u re a o x alate is ap p ro x im ate ly ad d itiv e , b u t t h a t o f cy a n u ric acid d ih y d ra te is considerably larger th a n th e a d d itiv e v alu e for th re e u re a m olecules, being com parable w ith th a t o f o th e r cy a n u ric rin g co m pounds. A lthough th e m olecules in each lay er m u st be joined to g e th e r b y h y d ro g en bonds, it does n o t follow th a t h y d ro g en bo n d s form th e links b etw een successive layers, since th e lay er to la y er d istan c e o f 3-05 ± 0 -1 0 A is ch a racteristic even o f cyanuric tria zid e , w hich co n tain s no h y d ro g en bonds.
U r e a Urea or carbamide, CO(NH2)2, crystallizes from water in long colourless prisms, melting at 132°-7 C. These belong to the tetragonal scalenohedral class and the crystal structure has been investigated in detail (Mark and Weissenberg 1923; Hendricks 1928; Wyckoff 1931 Wyckoff , 1933 Wyckoff and Corey 1934) . The oxygen atom of one molecule approaches within 3 A of the aminoend of the next, the carbon-nitrogen distance (1-37 A) in the molecule is intermediate between the normal single-bond and the double-bond distances, and is comparable with those in the cyanuric ring (Knaggs 1935) , while the carbon-oxygen distance (1-25 A) is the same as th at in the carbonate group (Ewald and Hermann 1931, 1937) may also exist, although these would be expected to involve a rather larger carbon-oxygen distance than is actually found. It has been suggested by Clow (1937.) th at forms IV are more in accordance with the known mean diamagnetic susceptibility, but this argument is based on the applicability of the additive rule. In the case of resonance structures, however, the additive rule is not reliable, owing to the fact th at 'molecular orbitals'-electrons whose probability density is distributed over the whole molecule -introduce a large extra susceptibility normal to the atomic plane, whose value depends on the nature of the resonance and the size of the molecule. A further unknown factor, not hitherto allowed for, is the possible con tribution of the hydrogen bonds to the mean susceptibility (Angus and Hill 1940) . Since these hydrogen bonds are highly directive, it does not seem probable that their individual magnetic susceptibility, if any, would be isotropic, although their joint contribution to the crystal susceptibilities might be. In any case, the susceptibility of the molecule will not be isotropic and therefore measurements of the magnetic anisotropy of the crystal may be expected to provide further useful information on the subject of molecular structure.
Magnetic anisotropy of urea
The mean susceptibility of urea has been independently measured by Pascal (1912) , Devoto (1932) and Clow (1937) . Their values agree closely, -33-60, -33-40 and -33-66, giving a mean value -33-55 ( x 10~6).
The magnetic anisotropy of the crystals was qualitatively observed by V. v. Lang (1899), w^° stated that the diamagnetism was weakest along the principal axis (see also Bhagavantam 1929). This is correct; measurements on a number of good crystals (mass of largest 5-50 mg., density 1-333 g./c.c. at 21°/4° C) in a field of about 7000 oersted, using a quartz fibre long and fine enough to take a torsion of up to 6| complete rotations for a 45° deflexion of the crystal, give the value Xe-X« = 2.57x10-*.
Hence
Xa = -34*41 x 10_6> = -31*84 * 10~6.
The molecular planes are parallel to the {110} crystal planes, and hence the susceptibilities of a single molecule in and perpendicular to the plane of the atoms are K, = -31*84 x lO-6, = -36*98 x 10~6, giving an anisotropy of 5*14 x 10~6.
This value is comparable with the magnetic anisotropy of the carbonate and nitrate groups, which varies from 4*0 to 5*1 in different compounds (Krishnan, Guha and Banerjee 1933) . In the carbonate and nitrate com pounds investigated there were no hydrogen bonds, while the arrangement of hydrogen bonds in urea is such that it does not seem probable th a t they would contribute appreciably to the crystal anisotropy. The observed anisotropy in each case, therefore, is a consequence principally of the resonance in the molecule. I t may be concluded th at the resonance in CO(NH2)2 is of the same order as th at in CO3 or NO3.
Optical anisotropy of urea
The optical constants of crystalline urea have been measured a number of times, the results being given below in the form of a 1*600 M ayrhofer, H erzig a n d L a n d e r ( 1926) The fact that the birefringence is positive is a direct consequence of the crystalline 'chain structure'. The optical anisotropy of the molecule itself is negative. In the following table the molecular refractivities,
of the different groups are compared, allowance being made for the refractivities of the initial atoms in the carbonates and nitrate (Wasastjerna 1923> W. L. Bragg 1924 Pauling 1927) and for the crystal arrangement in urea. The relatively large refractivity of the urea molecule, especially in its own plane, in spite of the increased distance between C and N H 2 as com pared with the C-0 distance in the carbonate group, clearly indicates th a t the NH2 group is much more polarizable than the oxygen ion.
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U rea nitrate
Urea nitrate, C0(NH2)2.N 0 3H, forms monoclinic prismatic crystals from hot water. These are tabular on {001}, with {010} {110} {100} as side faces. There is a perfect cleavage parallel to the basal plane (001) and the crystals bend rather easily in this plane. They frequently twin by reflexion across (001), simulating orthorhombic symmetry. Barker (1911) X-ray photographs and magnetic and optical measurements all strongly indicate a layer structure, in which the molecules are parallel or nearly parallel to (001), the cleavage plane. Laue, rotation and Weissenberg photographs have been taken. The unit cell dimensions found are a = 9-50, b = 8-20, c = 7-54 A, /? = 124°. The density, determined by the suspension method in a mixture of ethyl iodide and alcohol, is 1-690 g./c.c. at 20°/4° C, and there are therefore four molecules in the unit cell. The following re flexions are missing: ( h O l)if l is odd, (OH) if k is odd; and in addition reflexions are very weak when h is odd. The space-group must be P 21/c, the similarity in scattering power of CO(NH2)2 and N 0 3H probably accounting for the absence or weakening of reflexions whose absence would not be required from space-group considerations alone. The (002) plane, spacing 3*13 A, gives the most intense reflexion in the crystal, and in Laue photo graphs given a strong exposure the (00 lr eflexion large intense diffuse spot in the (002) position ( figure 1, plate 7) . This is typical of layer structures, as may be seen by a comparison with the Laue photograph of hexamethylbenzene (figure 2, plate 7), in which the large diffuse spot corresponds to the (001) plane, parallel to which there are layers of flat molecules separated by the van der Waals' distance 3-66 A (Lonsdale 1929a, b; Brockway and Robertson 1939) .
The fact that the (002) plane is not only a 'layer' plane, of moderately small spacing, but also grows as the main face on large crystals, and can in addition be bent to form a curved surface, makes this substance an excellent monochromator, giving an intense secondary beam well separated from the primary radiation. It has been used in this way in this laboratory and previously by Mr R. D. Preston (1939) at the National Physical Laboratory.
Magnetic anisotropy of nitrate
Magnetically the crystals are nearly uniaxial, with the maximum dia magnetic susceptibility y2 as nearly as can be measured normal to (001).
X3 -X 2 = 8-!3x 10-6, = 7-05x 10-6, = 1*09 x 10~6.
A determination of absolute susceptibility was made by the RabiKrishnan method, using (ethyl iodide + alcohol) and (ethyl iodide + alcohol + NiCl2.6H20) as the balancing liquids. The value obtained for Kmln was -0*680 x 10~6 ( ± 0*010) at 20° C for crystals of density 1*690 g./c.c., so th at X\ = -50*6 x 10-6, X2 -~ 57*6 x 10-6, Xz -~ 49*5 x 10-6.
The mean susceptibility, x = -52*6 x 10~6. The sum of th bilities of urea ( -33*55) and of H N 03 ( -19*2; Pascal (1910) corrected to KB.to = -0*72 x 10-6) is -52*75. The excellence of the agreement indicates that there is no resonance between the urea and nitrate groups, but only in the separate groups, and that the hydrogen bonds do not contribute appreciably to the mean susceptibility.
Optical anisotropy of urea nitrate
V. v. Lang (1862) gives the following optical data: Strong negative double refraction, optic axial plane (010), acute bisectrix normal to (001). 2 E = 21° 10' (red), 23° 10' (yellow), 24° 30' (green), 26° 30' (blue). These are easily verified qualitatively on cleavage slips. Hence a is perpendicular to (001), /? along b, y along c. Since E = 11° 35' (Na) and sin2 E q(y2-l 2) y2 -a 2 there can only be a very small difference between ft and y.
U rea oxalate
Urea oxalate, 2CO(NH2)2. C2H 20 4, crystallizes from hot water in mono clinic prisms, platy on (010), bounded by {110} or {120}, {011}, {111}, {001} and {201} (Loschmidt 1865). There is a perfect cleavage parallel to {201} which, however, is only a minor face on the crystals. The crystallographic data given by Loschmidt are a :b : 0-5642:1: 0*410 X-ray measurements of the unit cell give a = 7-02, 6 = 12*42, c = 5*08 A.
The density, measured by the suspension method, is 1*586 g./c.c. at 21°/4° C, and hence there are two molecules of molecular weight 210*05 in the unit cell. [These X-ray data incidentally prove th at there is no water of crystallization.] The absent reflexions are (hOl), where h is odd, and (0&0), where k is odd; the space-group, therefore, is P 2 Ja. The reflexion from (201), spacing 3*10 A, is the most intense observed, and on Laue photographs taken with the crystal suitably placed there is a very large diffuse spot corresponding to the position of the (201) reflexion by monochromatic radiation ( figure 3, plate 7) . This crystal also, therefore, must possess a layer structure; the molecules lie parallel to (201) and are linked together by means of hydrogen bonds.
Magnetic anisotropy of urea oxalate
The maximum diamagnetic susceptibility, y2, is exactly normal to (201). Measurements on a large crystal weighing nearly 15 mg. gave XI -X2 = 12*54 x 10~6, X3 -X 2 = 15*80 x 10-6, = 327 x 10_6* The absolute susceptibility of urea oxalate was not determined; in every mixture of solutions tried, some chemical action was found to take place which changed the oxalate so that a gradually changing value of the sus ceptibility was found. A sufficient quantity of the material was not available for the powder method to be used.
The exact value of the magnetic anisotropy of a single molecule cannot be determined, either for urea nitrate or for urea oxalate, until the precise orientation of the molecules is known. If, however, we assume that the separate groups are magnetically uniaxial, an assumption known to be nearly true for C2H20 4 (Lonsdale 1938) and probably true also for CO(NH2)2 and H N 03, then it is possible to make a reasonable estimate of the aniso tropy. The minimum molecule susceptibility must be either equal to, or less than, the minimum crystal susceptibility, and the molecule anisotropy will be equal to, or greater than, [(y3 -+ (y3 -y2) ]. Thus for urea nitrate the molecule anisotropy will be at least 9-22, and for urea oxalate it will be at least 19-07( x 10-6). The tilt of the groups to the cleavage plane will be (for each substance) of the order of 20° to 25°. On the basis of existing measure ments of the anisotropy of CO(NH2)2, N 0 3 and C2H 20 4, the probable anisotropy of the urea nitrate molecule and the urea oxalate molecule respectively would be 5-14 + 4-89 = 10-03 (x 10-6) and 2(5-14) + 9-47 = 19-75 ( x 10~6).
Optical anisotropy of urea oxalate Gaubert (1907, footnote on p. 380) reports th at the optic axial plane is (010) and the acute bisectrix normal to (201). This has been verified on the crystals used; the birefringence is strongly negative, with ft along 6, ct normal to (201) and y parallel to (201) and (010). The optic picture seen in (201) is almost indistinguishable from that of urea nitrate in its cleavage plane, the optic axial angles having, as nearly as can be judged, almost the same value in the two substances. 
Magnetic anisotropy of cyanuric acid dihydrate
The maximum diamagnetic susceptibility, y2> is almost normal to (101). The crystals deteriorate rapidly in air, probably through the loss of some water of crystallization, and in breaking up they become more and more isotropic. The measurements of anisotropy are not, therefore, very accurate, but probably err on the side of being too small. The best measurements gave Xi~Xz = 24-2 x 10~6, Xz~Xz -23-9 x 10~6. Xi~Xs was not measur Xz > Xs--Xi-^ (angle X i:c> positive in obtuse /?) = -31°*1. T (101): (100) = 30°*5.
The absolute susceptibility of cyanuric acid was not determined because in all the solutions tried the crystals quickly became cloudy, probably due to partial dehydration.
Optical anisotropy of cyanuric acid dihydrate
Cleavage fragments show strong negative birefringence of the same order as that of urea nitrate or urea oxalate: /? is along b, a normal or almost normal to (101), y parallel to (101) and (010).
Discussion of structure
The magnetic and optical observations again show th at the structure is of a layer type, with the molecules parallel to the (101) planes. The magnetic anisotropy is of the same order as that of other cyanuric ring compounds (cyanurictriazide21*9 x 10-6,Lonsdale 1937; melamine,C3N3H 3, 21 * 15 x 10-6, Knaggs and Lonsdale 1940) and is larger than would be expected for mole cules of form I alone. Cyanuric acid dihydrate can be synthesized from urea by strong heating, but the anisotropy is considerably larger than th at of three molecules of urea, which would be 5-14 x 3 = 15-4 ( x 10~6). The struc ture most strongly indicated by the magnetic data is therefore a resonance structure based on form II, the molecules being bound together in the crystal by hydrogen bonds.
Anhydrous cyanuric acid has been examined by X-ray methods by Wiebenga and Moerman (1938) , who found a pseudo-rhombic unit cell, the monoclinic angle being 90°. Here also the molecules are arranged in layers parallel to the (101) planes. There is a perfect cleavage and strong negative birefringence, the acute bisectrix being normal to (101). The cleavage planes (202) are 2*97 A apart. It is tempting to suppose, in view of this distance, th at there are hydrogen bonds not only between molecules in one layer, but also between molecules in successive layers. That this is not necessarily the case,
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however, is shown by the fact th at in cyanuric triazide the distance between successive layers of molecules is also 2-98 A (Knaggs 1935), although in this structure there are no hydrogen bonds. All cyanuric ring compounds so far examined possess layer structures. 
